The isolation and identification of several individual enzymes has made it possible to attack the problem of their chemical structure. In the last few years it has been shown that urease (1), pepsin (2), trypsin (3), chymo-trypsin (4), probably pancreatic amylase (5) and rennin (24) are proteins, so that the general molecular structure of these enzymes is known. Enzymes have powerful catalytic properties, however, not possessed by ordinary proteins and therefore must possess characteristic chemical structures.
The products of hydrolysis of pepsin have no proteolytic activity and there is no other property known of the hypothetical group which in pepsin renders it active. Indirect information as to the nature of the active group may be obtained, however, by altering the structure of the original pepsin molecule with reagents known to react with certain chemical groups and determining the effect of this change in structuke upon the activity. By analogy with other compounds, such as acids or dyes, it would be expected that any change in the molecule would affect the activity but that the extent of the effect would depend upon a number of factors such as the nature of the reagents, the reacting groups of the molecule, and their relation to the active part of the molecule. Pepsin is known to have such free groups as carboxyl (COOH), amino (NH2), and phenolic hydroxyl (OH). The effect on the activity resulting from the modification of these groups should furnish information as to their relation to the molecular structure responsible for the activity. If the modification of these groups in native pepsin resulted in a complete loss in activity it would be probable that the active group, or one closely associated with the active group, had been altered by the treatment. If the modification of these groups failed to affect the activity it would follow that the modified groups are not closely related to the active part of the enzyme. The present experiments were designed to determine what effect acetylation of the various groups of pepsin would have on the activity.
The action of a number of biological substances is markedly altered by the introduction of one or more acetyl groups into the molecule. Hunt (7) has shown that acetyl choline has at least 40,000 times as much action on blood pressure as does choline. Warburg and Negelein (8) have prepared a diacetyl deutero hemoglobin which has only 52 per cent of the capacity to combine reversibly with oxygen as does ordinary hemoglobin. Workers in several laboratories have studied the change in properties of crystalline insulin after acetylation. Freudenberg and his coworkers (9) have reported complete inactivation O f crystalline insulin by acetylation. Part of the activity could be recovered by treatment of the inactive acetylated insulin with dilate alkali. Later, using freshly precipitated amorphous insulin, they reported a product of acetylation which had 5-10 per cent of the original activity. The amino nitrogen was reduced from i per cent to 0.I per cent by the acetylation. More recently Avery and Goebel (I0) have reported that an acetyl group present in the Type I specific pneumococcus polysaccharide renders the material antigenic. This property disappears on removal of this one acetyl group. Hugounenq and Loiseleur (11) have reported that treatment d crude pepsin solutions with methylating and diazotizing agents failed to affect the proteolytic activity of the enzyme. Their treatment was directed toward the primary amino groups and since they noticed no change in activity of the enzyme they concluded that the primary amino group had little if anything to do with the proteolytic activity. They did not, however, measure either the loss in amino groups nor increase in methyl groups, nor did they isolate any compounds.
In the present experiments pepsin was acetylated by treatment with ketene and it was found that the activity decreased as the acetylation proceeded. In the study of the course of the acetylation reaction it became apparent that the time rate of change in the specific activity of the enzyme during acetylation depends upon the pH of the solution, Acetylation of pepsin at pH 5.5 causes a greater drop in specific activity per acetyl group introduced than acetylation at pH 4.5. If the pH of the pepsin solution is kept constant the specific activity of the reaction mixture when plotted against the increase in number of acetyl groups per molecule of protein drops off logarithmically as acetyl groups are introduced. There is no sharp break in the curve; the activity drops gradually and is i0 per cent or less of the original activity after the introduction of more than twenty acetyl groups per molecule of enzyme.
A preparation of acetylated pepsin has been obtained in crystalline form which has 60 per cent of the activity of the original pepsin, as measured by several methods. This material contains one or less primary amino groups per molecule of protein instead of the three or four originally present in pepsin. It also possesses from six to eleven acetyl groups per molecule, the number depending upon the conditions during the acetylation. From the acetyl determinations of several different preparations and the solubility experiments it appears that there may be several acetyl products possessing approximately 60 per cent of the original pepsin activity and which may form solid solutions with one another.
Another crystalline acetylated pepsin preparation was obtained by subjecting the above acetyl pepsin to normal sulfuric acid. The specific activity of this acid solution increased to the value of pure pepsin and the acetyl content dropped from nine to four acetyl groups per molecule. There was no measurable increase in the primary amino nitrogen and it is probable that the remaining acetyl groups are on the primary amino groups. It was also possible to prepare this same, or a closely related material, starting with pepsin. By careful acetylation an acetyl product was obtained which had lost none of its activity but which had lost all of its primary amino groups. This material had three acetyl groups per molecule, the equivalent of the amino groups lost.
Still another acetylated product was prepared by acetylation for 35-40 hours at pH 5.5 in a dialyzing bag. This material was only 10-15 per cent as active as pepsin and had on the average twenty acetyl groups per molecule. On further acetylation the decrease in activity was very slow. It was much less soluble than the other preparations and crystallized with difficulty and in very small crystals.
The different acetyl preparations could be separated from one another by fractional precipitation from concentrated magnesium sulfate solution. Under the microscope the crystals of all of the acetyl preparations appeared alike and indistinguishable from those of pepsin as may be seen in Fig. 1 .
The results of these acetylation experiments show that acetylation of primary amino groups does not change the specific activity of pepsin by more than 10 per cent but that addition of acetyl groups in some other places causes a marked decrease in activity.
The primary amino groups of proteins in general are those of lysine and since acetylating these groups has little or no effect on the activity it is probable that the lysine groups are not part of or are not intimately associated with the molecular structure responsible for the activity. Further acetylation, however, causes a marked decrease in activity which would indicate that certain groups of the protein more closely related to the active part of the molecule have been acetylated. Ketene reacts with NH, OH, or COOH groups and it is not possible to decide at present between the various possibilities. The ease with which these groups may be removed suggests that OH, or COOH groups have been acetylated.
The pH activity curves, acid and alkali inactivation, and the titration curves of the acetyl preparations examined were not greatly different from the same properties of the parent substance, pepsin. On the other hand no isoelectric point could be detected for the "100 per cent active" and "60 per cent active" acetylated derivatives and their solubilities in acid decreased as the concentration of acid increased. These two properties are quite different from those of pepsin which has an isoelectric point at pH 2.7 and the solubility of which increases as the solution is made more acid than pH 2.7.
A cetylation with Ketene
Staudinger (12) in his study of ketene (CH2 = C = O) pointed out that ketene is capable of reacting in dilute acid but the reaction is more rapid in alkaline solution and that whereas it reacts with all of the following groups--primary and secondary amines, aliphatic alcohols, water and phenols--the rates of reaction are quite different for each group. Primary amines react most rapidly and the phenols least rapidly. The reactions of ketene are in general addition reactions and polymerizations, the latter being of little or no consequence in this work. The addition reactions may be illustrated as follows:
Acetylation of amino acids using ketene has been reported by Bergmann and Stern (13) . This method is more suitable for the acetylation of pepsin than the usual methods since the reaction may be carried out in slightly acid aqueous solution and without any appreciable denaturation of the protein.
The ketene used in this work was generated by the thermal decomposition of acetone vapor (14) .
Course of the A cetylation Reaction
Effect of pH.--In the early experiments it was noticed that when ketene was passed into a 5-10 per cent pepsin solution in 3 M pH 5.5 acetate buffer, the specific activity of the enzyme dropped rapidly at first and then more slowly as the reaction progressed. When the specific activity reached approximately one-half that of the original pepsin there was no further appreciable change with continued exposure to ketene. It was first thought that this flattening out of the specific activity-time curve indicated the completion of the acetylation reaction and a product of definite properties different from those of pepsin was repeatedly obtained. The pH, however, was not held constant. The acidity of the enzyme solution changed from pH 5.5 to 4.0 during the course of the acetylation experiment. This might be expected for, as previously pointed out, ketene reacts with water to form acetic acid.
When the acetylated product described above, with a specific activity of 60 per cent that of pepsin, was precipitated out of the pH 4.0 buffer and dissolved in pH 5.5 acetate buffer and ketene run in as before, the specific activity again dropped and again reached a nearly constant value as the pH of the solution approached pH 4.0. This product was precipitated and redissolved in fresh pH 5.5 buffer and as before subjected to ketene and again there was an initial drop in activity followed by a slowing up of the time rate as the pH of the solution dropped toward pH 4.0. 5 .0--4.0.--175 gin. of twice crystallized Cudahy pepsin falter cake was dissolved in 3 ~r sodium acetate; final volume was 400 ml. Ketene was run in with stirring. 20 ml. samples were withdrawn at various intervals of time and the following analyses made using the methods described in the section devoted to experimental methods--pH, protein nitrogen, non-protein nitrogen, Van Slyke amino nitrogen, proteolytie activity by the hemoglobin method, and acetyl content. After 800 minutes exposure to ketene the protein was precipitated out by the addition of an equal volume of saturated magnesium sulfate. The precipitate was filtered off, dissolved in 3 ~r sodium acetate, and the final volume made up with sodium acetate to the volume of the solution just prior to precipitation. Ketene was passed in as before for 900 minutes or a total of 1700 minutes. The protein was again precipitated as before and dissolved in fresh sodium acetate and ketene run in for 300 m|nutes or a total of 2,000 minutes. The analyses of the samples are plotted in Curve I of The results of this series of experiments may be seen graphically in Curve I (Fig. 2) . They indicate that the change in slope of the timespecific activity curve was due to a change in the pH of the solution and not to the completion of the acetylation. It was later found that the pH could be kept nearly constant by placing the buffered pepsin solution in a collodion bag suspended in a large volume of buffer. As a check experiment, therefore, acetylation was carried on in a collodion dialyzing bag with the pH nearly constant between pH 5.0 and 6.0. Under these conditions the drop in specific activity of the reaction mixture with time did not show a decided change as the specific activity approached 60 per cent of the original pepsin. As may be seen from Curve II of Fig. 2 the activity continued to drop with only a very gradual change in the slope, of the curve and seems to show that the differences noted in the acetylation of pepsin are differences in time rates and are probably caused by the differences noted in the pH values of the solutions. However, when the increase in acetyl These curves are independent of time and should, therefore, be collinear if the time rate is the only factor in the acetylation of pepsin affected by a change in pH. There was a much greater drop in specific Experiment III--Course of Acetylation at Constant pH 4.5.---45 gin. of twice crystallized Cudahy pepsin falter cake washed four times with half saturated magnesium sulfate was dissolved in 6 x~ pH 4.5 acetate buffer so that the final volume was 150 ml. Ketene was passed in rapidly with stirring. 20 ml. samples were withdrawn and analyzed for protein, non-protein, and amino nitrogen, activity by the hemoglobin method, pH, and acetyl content.
Experiment I---Course of Acetylation as pH Varied from pH
The results are plotted in Curve III of I t may be seen that there was only one-thlrd the drop in specific activity per unit increase in acetyl groups at pH 4.5 as when the enzyme was acetylated at pH 5.5. Evidently acetylation occurs at different groups, depending upon the pH. This is probably due to the effect of ionization upon the rate of acetylation of the various groups present in the original pepsin.
Change in Primary Amino Groups during Acetylation.--The change
in free primary amino groups was also followed during the course of the acetylation reaction by means of Van Slyke's micro amino nitrogen method (15) .
Pepsin contains an unusually small number of free amino groups, 0.15 per cent or three to four groups per moleculet calculated from a molecular weight of 36,000. Most proteins contain between 0.75-1.5 per cent ~mlno nitrogen or twenty to forty free amino groups per molecule. loss in activity compared to the decrease in amino nitrogen whether the acetylation is carried out at pH 4.5 or pH 5.5. The results show that there is not more than a 20 per cent drop in specific activity with a loss of practically all of the amino nitrogen. Measurements of less than one amino group per molecule were unreliable.
Three preparations of acetylated pepsin have been obtained which differ in specific activities, number of acetyl groups per molecule, and in other properties. For convenience they have been named according to their specific activity relative to that of pepsin and spoken of as though they were pure chemical individuals although in fact they m a y be solid solutions of closely related compounds. 100 gin. of twice crystaUized pepsin filter cake containing less than 10 per cent of the total nitrogen as non-protein nitrogen, in 300 ml. of 3 ~ sodium acetate and then passing ketene into this solution slowly for 50-75 minutes. One bubble of gas every second from an orifice 25 ram. in diameter was found a satisfactory rate. After 50-75 minutes analysis of protein, non-protein, and amino nitrogen, activity, and acetyl content showed a loss of not more than 10 per cent of the activity but a loss of all measurable amino nitrogen. The protein was precipitated from solution by the addition of an equal volume of saturated magnesium sulfate after first adding acid to make the solution approximately pH 4.5. This precipitate was dissolved in water, precipitated by titrating to pH 3.0 with acid, and the precipitate dissolved in water with the aid of sodium acetate and crystallized after the procedure of Northrop (2) .
"60 Per Cent Active" Acetyl Pepsin.--125 gin. of once crystallized pepsin filter cake was dissolved in 3 ~r sodium acetate. The final volume was 400 ml. Ketene was passed in rapidly for 12-14 hours. Analyses for protein, non-protein, and amino nitrogen, activity, pH, and acetyl content were made. The solution was then subjected to the same treatment as the preceding solution; the protein precipitated with magnesium sulfate, acid, and thence crystallized.
"10 Per Cent Active" Acetyl Pepsin.--125 gm. of twice crystallized Cudahy pepsin filter cake was dissolved in saturated sodium acetate solution so that the final volume was 400 ml. This solution was placed in a collodion bag of 500 ml. volume. The collodion bag containing the enzyme solution was placed in 2 liters of 3 M sodium acetate and ketene passed in for 35 hours. The solution was filtered, and the protein precipitated and crystallized as above.
Analytical results found in Table I are typical of several preparations of each product. The derivatives were crystallized and were, in general, more stable than pepsin, possibly because they were less soluble than pepsin.
The experimental procedure for the preparation of "100 per cent active" acetyl pepsin by acid hydrolysis of the "60 per cent active" acetyl pepsin is discussed on page 52.
Evidence Concerning the Purity of the Crystalline Acetyl Derivatives of Pepsin
Fractionation Experlments.--No evidence could be found for the existence of an acetyl derivative whose specific activity was between 100 per cent and 60 per cent of the activity of pepsin. This follows from the results of the fractionation experiment sllmmarized in Table II . A large portion of a reaction mixture, the specific activity of which had been reduced to 75 per cent of its original value by acetylation with ketene, could be fractionated into two parts possessing approximately 60 per cent and 100 per cent of the specific activity of pepsin.
Further fractionation failed to demonstrate any protein fraction possessing a lower specific activity.
It might be supposed that the "60 per cent active" acetyl pepsin was not a pure compound but a mixture or solid solution of pepsin and an inactive or weakly active acetyl derivative. The results in Part A are typical of several fractionation experiments on a number of the ten to fifteen preparations of "60 per cent active" acetyl pepsin. The results in Part A show that the "60 per cent active" acetyl pepsin, as ordinarily prepared, could not be fractionated into pepsin and a protein having a lower specific activity. A protein having an activity corresponding to that of pepsin was separated but the amount was insignificant though this amount of the material brings out the sensitivity of the fractionation experiments in detecting Table III reveals that an equimolecular mixture of pepsin and "10 per cent active" acetyl pepsin which resembled very closely the "60 per cent active" acetyl pepsin could be fractionated with comparative ease into two fractions having higher andlower activities than the mixture. It seems probable, therefore, that the "60 per cent active" acetyl pepsin prepared according to the directions in the previous section is not a mixture or solid solution of the original pepsin with a derivative of very low activity. Solubility Experiments Experimental Procedure.--The methods used in these solubility determinations were identical with those described by Northrop (16) .
The solubility of a pure substance is independent of the quantity of solid phase. Northrop (2) found that in all the solvents used pepsin solubilities agree with this rule and the results indicate, therefore, that pepsin is a pure substance. Table IV . The results show definitely that the specific activity, i.e. ratio of activity to protein nitrogen, is constant and independent of the quantity of solid phase present. This confirms the results of the fractionation experiments. The points obtained in the region of a small quantity of solid material for the "60 per cent active" acetyl pepsin do not fall on the theoretical curve. Although the figures are small and consequently subject to a greater percentage error, the writers believe that the results are significant in demonstrating that the material, as prepared, is a solid solution of two or more substances having nearly the same specific proteolytic activity.
Solubility of AcetyIated Pepsin in the Presence of Pepsin
Experimental Procedure.--The suspensions of "60 per cent active" acetyl pepsin and of pepsin used in the solubility experiments of the previous section were used in the present experiments. The solvent was also the same (0.5 saturated magnesium sulfate 0.05 ~r pH 4.65 acetate buffer). The two suspensions were mixed in varying quantifies, keeping the final volume constant. They were then Table V contains the analyses of seven fractional crystallizations of a preparation of "60 per cent active" acetyl pepsin. In the course of seven recrystallizations there is a loss of 80 per cent of the original material but no drift in any of the properties measured.
Constancy of Properties during Fractional Crystallization

Increase in Specific Activity on Removal of Acetyl Groups by Acid Hydrolysis
Since pepsin is instantly denatured in alkaline solution preliminary studies of the hydrolysis of acetyl groups from acetylated pepsin were carrying on the hydrolysis at 10°C. there was practically no loss of protein in 10 days. Table VI contains the description and results of an experiment on the acid hydrolysis of an acetylated pepsin preparation. The results show that with the removal of acetyl groups there was an increase in specific activity. The specific activity rose to that of pepsin where it remained practically constant. The acetyl content of the protein changed from eight or nine acetyl groups to three or four. Since there were still no free amino groups it is probable that these three or four acetyl groups are on the primary amino groups of pepsin and that this compound, therefore, corresponds to the "100 per cent active" acetyl pepsin prepared directly by slow acetylation of pepsin. On subjecting this material to a much longer treatment with acid a substance was obtained which has the same specific activity but now has two free amino groups and only two acetyl groups per molecule. pH Activity Curves.--It was thought that the shape of the pH activity curve of pepsin might be altered when the enzyme was acetyluted. The pH activity curves of "60 per cent active" acetyl pepsin and of pepsin were determined by three different methods. The results in Fig. 8 show that the shape of the pH-activity curve of pepsin is not changed by acetylation of pepsin.
It is interesting to note that in general hydrolysis of acetyl groups linked to nitrogen atoms (R -N H -C -
Experimental Procedure 1. Enzyme Cormentration.--The enzyme solutions were diluted for each measurement so that the hydrolysis of the protein was carried to the same extent in each case. The activity was calculated as the reciprocal of the concentration of enzyme required to cause the same rate of hydrolysis at the various pH and is expressed as per cent of the maximum activity.
Substrates.--Aliquots of dissolved Hoffmann La Roche crystalline edestin
and dialyzed Ox carbon monoxide hemoglobin solutions were added to equal volumes of hydrochloric acid of different concentrations. The pH of the solutions were determined electrometricaUy by a hydrogen electrode. The final concentration of edestin was 3 per cent and of hemoglobin was 2 per cent.
Methods-
(a) Hemoglobin:
1. Phenol-colorimetric, see Anson and Mirsky (18). 2. Non-protein nitrogen. 1 ml. of enzyme solution was added to 5 ml. of hemoglobin in a 50 ml. test tube. After 5 minutes the reaction was stopped by adding 10 ml. of ~r/5 pH 7.3 phosphate buffer from another 50 ml. test tube. The solution was mixed quickly by pouring back and forth from one tube to the other and then heated to boiling for 1 minute after which it was cooled quickly. This suspension was filtered through a Whatman No. 42 filter paper and refiltered if the filtrate was not perfectly clear. 5 ml. of the filtrate was analyzed by the Kjeldahl method for total nitrogen (19) . (b) Edestin:
1. Non-protein nitrogen. 20 ml. of 3 per cent edestin solution and 5 ml. of enzyme solution were brought to 35.5°C. in two 50 ml. test tubes and then mixed by pouring from one test tube to the other. After mixing, 5 ml. of the mixture was pipetted into each of three 50 ml. test tubes. The hydrolysis in the tubes was stopped after 1, S, and 10 minutes by the addition and subsequent mixing of S ml. of 0.1 saturated sodium sulfate solution. After allowing these solutions to stand 20 minutes they were filtered through What.man's No. 42 filter paper and 5 ml. of the filtrate analyzed for total nitrogen. The results of the three determinations at each pH were plotted, the slope determined and then corrected for the enzyme concentration. These corrected figures are plotted in Fig. 7 as per cent maximum activity against the pH.
Isoelectric point.--Since the primary amino groups are altered in the acetylation of pepsin one might expect a difference between the isoelectric points of the acetylated products and the original pepsin. Northrop (16) has found from minimal solubility and cataphoresis experiments that the isoelectric point of pepsin is close to pH 2.7. Microscopic examination (20) of an amorphous suspension of "60 per cent active" acetyl pepsin in hydrochloric acid of different concentra- tions revealed no change in the direction of migration. The particles of acetyl pepsin migrated to the anode at pH 3.0 and at pH 0.0 showing that within this range of pH the enzyme was negatively charged.
The minimal solubility was determined for the "60 per cent active" and for the "100 per cent active" acetyl pepsins. In these experiments a large excess of solid material was present. The results plotted in Fig. 9 represent the solubilities of the amorphous materials in sulfuric acid solutions.
Experimental Procedure
Enzyme Solutions.--(a) "100 per cent active" acetyl pepsin Dec. 13, 1933, containing 8.7 rag. PN/ml. and less than 2 per cent non-protein nitrogen.
(b) "60 per cent active" acetyl pepsin Dec. 13, 1933, containing 16 nag. PN/ml. and 4 per cent non-protein nitrogen.
Procedure.--3 ml. of enz~ae solution was added to 10 ml. of sulfuric acid of various concentrations at 23°C. with rapid stirring in a 50 ml. centrifuge cup. Mter stirring for I minute they were centrifuged and the clear supematant liquid analyzed for nitrogen, activity, and pH. Stirring for a longer time did not alter the solubility appreciably. The pH was determined electrometrically with a hydrogen electrode.
The results in Fig. 9 show no minimal solubility but a very gradual decrease in solubility as the p H decreases. These results confirm the cataphoresis experiments in showing that the acetylated products have no isoelectric point.
Titration Curves.--The titration curves of pepsin and three of the acetylated products were defermined, corrected, and are plotted in Fig. 10 . In titrating the "10 per cent active" ace tyl pepsin, constant E.~.~. readings could not be obtained in solutions more alkaline than pH 9.0. The drift was toward the acid region which seems to indicate that some hydrolysis takes place in solutions more alkaline than pH 9.0 and the hydrolysis products combine with the alkali. Up to pH 9.0 the E.~.F. readings were perfectly constant.
It might be expected that acetylation of the amino groups in pepsin would result in a difference in the titration curves at approximately pH 8.0 where the free amino groups usually titrate. This difference, however, of four amino groups per molecule is only 0.05 millimol of combined sodium hydroxide per gram of protein which could not be detected with any degree of certainty.
The crystal falter cakes of the different acetyl preparations were washed a number of times with half saturated magnesium sulfate and while on the funnel from the last filtration were washed with small quantities of dilute hydrochloric acid until the filtrates gave no sulfate precipitate on the addition of barium ion. The hydrochloric acid was washed out with N/10 potassium chloride solution. 10-15 gm. of filter cake was then stirred to a paste and diluted to 50 ml. with N/10 potassium chloride solution and the suspension placed in a cell connected to a calomel half cell by means of a saturated potassium chloride-agar bridge. The solution was stirred rapidly but did not foam. 2.05 lq sodium hydroxide was run into the suspension from a 5 ml. buret through a long capillary extending under the surface of the solution. A hydrogen electrode, standardized before and afterwards with N/10 hydrochloric acid was used in the determination of ]LM.F. When the solution reached pH 12.0 the volume and nitrogen content were determined. Acid and Alkali Inactivation.--In studying the acid and alkali inactivation of acetylated pepsins it was hoped that some difference would develop which would indicate a new characteristic property produced by the introduction of acetyl groups into the pepsin molecule. The results are graphically represented in Figs. I1 and 12. In Fig. 11 the points for pepsin were taken from Northrop (21) . The procedure in the experiment on the acid inactivation of acetylated pepsin was the same as that used with acid inactivation of pepsin (21) so that the results may be compared. The change in activity could buffer at various pH and allowed to stand at 23°C. After 5 minutes 5 ml. of this solution was titrated with 5 ml. of sulfuric acid of a concentration to bring the resulting solution to pH 6.0. 1 ml. was diluted for activity measurements by the hemoglobin method, the dilutions being so arranged that approximately the same colorimeter reading was obtained.
Enzyme Preparations Used for Titration
The results plotted in Figs. 11 and 12 show t h a t the acid and alkali inactivation of acetylated pepsin solutions follow approximately the same course as that of the parent protein, pepsin.
One point might be mentioned which is not revealed in the figures and which, though not a difference in the proteins is of some interest. A few moments after the acetylated pepsin was mixed with the 6 hydrochloric acid a precipitate formed which remained during the 24 hours of the experiment. This precipitate was approximately 80 per cent of the original protein. I t was completely inactive and insoluble under conditions in which the original material was active and soluble. It was found to be denatured protein. Northrop (21) anticipated the presence of denatured pepsin protein in strong acid solutions but failed to find it. It appears that his solutions were not carried to concentrated enough acid for on similarly treating pepsin with 6 M hydrochloric acid the protein precipitated as denatured protein.
EXPERI~NTAL ~T~ODS
A cetylation with Ketene
The ketene used throughout this work was prepared by the thermal decomposition of acetone by means of a generator described by Herriott (14) . A 500 nil. round bottom flask was employed to hold the acetone. A few alundum chips prevented superheating and bumping of the acetone as it was heated on a steam bath. A long water condenser followed by an ice trap removed most of the polymers of ketene and the escaped acetone vapor. The ketene was passed into the pepsin solution through an inverted 25 ram. funnel It was found that a 500 ml. wide mouth Erlenmeyer flask was the most convenient container for the enzyme solution since it allowed the ketene to be introduced, the solution to be stirred with a mechanical stirrer, and samples to be removed without interference. During long (10 hour) exposures to ketene the Erlenmeyer flask was kept in water at 25°C. -4-2 ° for there is some heat developed on the introduction of ketene into the solution.
pit Determinations
In general the pH estimations were made by the colorimeter method using the indicators recommended by Clark (22) .
Activity Determinations
Unless otherwise specified the activity determinations throughout this paper were made by the colorimetric method of Anson and Mirsky (18) .
Nitrogen Determinations
Protein nitrogen has been determined as the difference between the total nitrogen and the non-protein nitrogen. This is justifiable when the non-protein nitrogen is a small part of the total nitrogen. The enzyme solutions were diluted to contain 1-2 rag. of nitrogen per ml.; 1 ml. was used for the total nitrogen; 2 mL was placed in a 50 ml. centrifuge cup and 10 ml. of boiling 5 per cent trichioroacetic acid added; the cup was shaken a moment and placed in a beaker of cold water. After cooling the suspension was filtered and 6 ml. of filtrate used for nitrogen analysis. This is the non-protein nitrogen. All nitrogen determinations were made by the micro Kjeldahl method as described by Northrop andKunitz (19) .
A carl Estimation
A volume of enzyme solution containing 0.5-0.75 gin. of protein was placed in a 150 ml. beaker and this in turn placed in water at approximately 45°C. At least five times that volume of boiling 5 per cent trichloracetic acid was added and the beaker placed immediately in ice water and the solution stirred rapidly. This treatment precipitates the protein and cools the resulting suspension in a very short time. After cooling the suspension was filtered without suction and the precipitate washed with distilled water until the filtrate was blue when tested with the indicator brom cresol green indicating that the filtrate was pH 5.0 or more. This usually required from 15-20 washings with water. The washing removed the acetic acid which had been present in the solution as acetate buffer but was converted to acetic acid by the excess trichloracetic acid. The denatured protein is completely insoluble under these conditions. When the precipitate had been washed free of acid most of the water was drawn off with the aid of suction and the precipitate dissolved in a small amount of dilute alkali or sodium phosphate. After the precipitate had dissolved completely 1 ml. of 4 M sodium hydroxide was added and 1 ml. of solution withdrawn and analyzed for nitrogen from which the protein content was calculated. The remaining liquid (approximately 11 nil.) was put into a test tube and allowed to stand at 35°C. for at least 5 days. After this time 10 ml. was put into a 150 ml. modified Claissen distilling flask with 5 nil. of 85 per cent phosphoric acid (reagent grade) and 0.2 ml. of octyl alcohol The alcohol prevents foaming of the protein which would otherwise render vacuum distillation impossible. The distilling flask was kept at 50-60°C. on a water bath while the receiving flask was cooled with running water. Distillation was carried out for 15 minutes at 20 ram. of mercury pressure. At the end of this time the receiving flask was removed, the sides washed down with a few ml. of water, a drop of 0.5 per cent CRYSTALLINE ACETYLDERIVATIVES O F PEPSIN phenolphthaleln added, and the solution titrated to a faint pink with u/S0 sodium hydroxide. As a check on the titration figure and on the identity of the acid as acetic acid a drop of 0.1 per cent brom cresol green was added andthe solution titrated back to pH 4.7 corresponding to the pK of acetic acid, with =~/50 hydrochlofic acid. The second titration will be half of the first titration if only acetic acid is present in the distillate. Mter the titration the receiving flask was rinsed out with distilled water and fitted onto the distilling flask. 5 ml. of water and 0.2 ml. of octyl alcohol were added to the distilling flask and the distillation, followed by the titration, was carried out as before. This was repeated a third time which was usually sufficient to carry over nearly all of the acetic acid. A blank of 0. the total titration value before the amount of acetic acid distilled over was calculated.
The above procedure was used for most of the acetyl estimations but in the case of pepsin a small amount of trichloracetic acid survived the washing and distilled over. This acid was probably combined with the free NH~ groups as a salt. It was detected by the second or back titration to pH 4.7 When dilute sulfuric acid was usedin place of trichloracetic acid this difficulty was avoided.
To illustrate the precision of this method of acetyl estimation the increase in acetyl groups per molecule is plotted against the time of acetylation in Fig. 13 . Curves I and II were obtained from the same experiments as Curves I and II of Fig. 3 were.
Acetyl estimations were made on pepsin and acetylated pepsin by two methods other than the one described above. One of the two methods consisted in heating J X 0 0 x a mixture of 5 rnl. of protein solution and 50 ml. of a 25 per cent solution of p-toluenesulfonic acid to 110°C. for 6 hours under a reflux condenser followed by the usual vacuum distillation and titration of the liberated acetic acid. In the other procedure the protein, in 0.4 r¢ NaOH, was heated to 100°C. under a reflux condenser for varying periods of time up to 5 days and the liberated acetic acid determined as in the other methods after acidifying the alkaline digest. 2 ml. of molar cadmium sulfate was introduced into the distilling flask to retain any hydrogen sulfide, which is liberated on acidification of the digest. The results of the three methods agreed although by the last method a slightly higher acetyl figure was obtained for both pepsin and the acetylated pepsin but the difference agreed with the figures obtained by the other two methods.
Amino Nitrogen
Pepsin decomposes rapidly into non-protein sprit products which have a high amino nitrogen content and which can be removed only with diflficulty. The pepsin protein was therefore denatured, washed, and dissolved before analyzing for amino nitrogen. It was denatured by aMding five times its volume of boiling 5 per cent trichloracetic acid and the resulting suspension cooled quickly in cold water. After washing the precipitate at least three times with several volumes of water or 2.5 per cent trichloracetic acid the residue was dissolved in dilute alkali or phosphate buffer. The pH of the dissolved denatured protein was below pH 8.0. These solutions contained from 40--60 mg. of protein per ml. An aliquot of the solution was analyzed for total nitrogen from which the protein content was calculated. The amino nitrogen was determined on the Van Slyke micro apparatus (15) . The nitrous acid-protein mixtures were shaken for 20 minutes. Most of the amino nitrogen estimations were made on solutions of the washed trichloracetic acid precipitate. These analyses were easily reproducible and agreed with the figures obtained by analysis of native pepsin which had been washed with half saturated magnesium sulfate and which contained less than 3 per cent non-protein nitrogen. The figures obtained from analyses of these trichloracetic acid precipitates were never higher than those obtained with native pepsin. This result shows that no hydrolysis of the protein occurs during denaturation unless there is a simultaneous coupling of an amino group at some other point. The amino nitrogen content for native and denatured pepsin was also determined by S~ren-sen's formol titration as modified by Northrop (23) and found to agree with the values obtained by the Van Slyke nitrous acid method.
SUMMARY
Crystalline pepsin has been acetylated by the action of ketene in aqueous solution at p H 4.0-5.5. As acetylation proceeds the activity decreases, the decrease being more rapid at p H 5.0-5.5 than at 4 . 0 4 . 5 .
Three acetyl derivatives have been isolated from the reaction mixture and obtained in crystalline form. The crystal form of these derivatives is similar to that of pepsin. Fractionation and solubility determinations show that these preparations are not mixtures or solid solutions of the original pepsin with an inactive derivative.
A compound which contains three or four acetyl groups and which has lost all of its original primary amino groups can be isolated after short acetylation. It has the same activity as the original pepsin. A second derivative containing six to eleven acetyl groups has also been isolated. It has about 60 per cent of the activity of the original pepsin. A third derivative having twenty to thirty acetyl groups and about 10 per cent of the activity of original pepsin can be isolated after prolonged acetylation. The 60 per cent active derivative on standing in strong acid solution loses some of its acetyl groups and at the same time regains the activity of the original pepsin. The compound obtained in this way is probably the same as the completely active three acetyl derivative obtained by mild acetylation. These results show that acetylation of three or four of the primary amino groups of pepsin causes no change in the specific activity of the enzyme but that the introduction of acetyl groups in other parts of the molecule results in a marked loss in activity.
The solubilities, amino nitrogen content, acetyl content, isoelectric point, and the specific activity have been determined by a variety of methods and found to be different from the corresponding properties of crystalline pepsin. The pH-activity curves, acid and alkali inactivation, and titration curves were not significantly different from the same respective properties of pepsin.
